Recent experiments appear to have revealed the possibility of the existence of quantum entanglement between spatially separated human subjects. And, in addition that a similar condition might exist between basins containing human neurons adhering to printed circuit boards. In both instances preliminary data indicates what appears to be nonlocal correlations between brain electrical activities in the case of the human subjects and also nonlocal correlations between neuronal basin electrical activities, implying entanglement at the macroscopic level. If the ongoing expanded research and the analysis of same continues to support this hypothesis, it may then make it possible to simultaneously address some of the fundamental problems facing us in both physics and biology through the adoption of an interdisciplinary empirical approach based on Bell's experimental philosophy, with the goal of unifying these two fields.
Introduction
Interdisciplinary papers are always fraught with a certain element of danger in that it is very difficult to not only attempt to master two different subjects such as physics and biology but, to combine them in such a manner so that one can propose certain experiments in an effort to try to solve various longstanding fundamental issues confronting us in these fields not only individually but, collectively. This element of danger is exponentially increased when one is also hard pressed to satisfy the predispositions of the practitioners on both sides, many of whom are entrenched not only on their own turf but, look somewhat askance at the other's field when it begins to encroach in serious fashion on their own. So, it is a delicate balancing act, especially when one is attempting to simultaneously address what appear to be related but conflicting fundamental issues in the areas of quantum mechanics and nonlocality, relativity and locality, and biology.
Several authors have addressed the question of whether the concepts and methodology of physics and quantum mechanics could be applied in the field of biology and, a proposal has been made for a vehicle for founding physics on biology rather than the other way around (Matsuno, 1993) , raising the possibility of the biologicalization of physics. In addition, the issue has been raised (Matsuno, Paton, 2000) of whether information is or could be processed at the quantum level in biological systems and, highlights two fundamental aspects of how to apply quantum mechanics to biology. One is the nature of time, whether local or global, synchronous or asynchronous and secondly, how to maintain a quantum coherence on a mesoscopic or even a macroscopic scale. The authors feel that 'biology is not about applying quantum mechanics as it is already known through the experience of traditional physics, but rather about an attempt to extend quantum mechanics in the manner that the physicists have not tried'. A similar theme is carried forward in varying detail in other papers dealing with the interconnection and interplay between quantum mechanical and biological processes (Matsuno, 1995; . Conrad (1989) has stressed, in his unified model of physics and biology, the possibility of a combination of two types of interactions involved in the formulation of quantum theory.
The first being connected with force laws (such as the electromagnetic force) and reversible, and the second being associated with measurement and irreversible. Josephson (2002) has explored this issue that quantum and biological accounts are complementary in the sense of Bohr (1958) and that quantum accounts may be incomplete.
That 'biological and quantum accounts of nature might, like the wave and particle accounts of certain phenomena, be complementary rather than, as with the conventional view, entirely derivative of the latter'. The issue has also been raised (Josephson, Pallikari-Viras, 1991) that we may have to differentiate between two different types of nonlocality, one related to quantum mechanics and the other to what is termed biological utilization of quantum nonlocality. I have taken the liberty of reducing this terminology to biological nonlocality (Thaheld, 1999a; 2000b; 2003b) . Additional related thoughts on this subject in a similar vein have also been advanced (Josephson, Rubik, 1992; Conrad et al, 1988) .
Only a very few experiments have been conducted to date attempting to explore the possibility of a quantum physics-biology interrelationship, with the first one utilizing pairs of human subjects in Faraday cages, where just one of the pair is subjected to photostimulation, investigating possible electroencephalographic (EEG) correlations between human brains (Grinberg-Zylberbaum et al, 1994) . Later experiments, building upon this pioneer research have been performed and continue to corroborate, with increasing experimental and statistical sophistication, these unusual EEG correlations (Standish, 2001; Richards et al, 2002; Standish et al, 2004; Wackermann et al, 2003) .
Experiments have also been conducted which have revealed evidence of correlated functional magnetic resonance imaging (fMRI) signals between human brains (Standish et al, 2003) . These correlations occurred while one subject was being photostimulated and the other subject was having an fMRI scan performed.
Research has also been ongoing for over a year at the Univ. of Milan (Pizzi et al, 2003; 2004a; 2004b; Thaheld, 2000a; 2004a) utilizing pairs of 2 cm dia. basins containing human neurons on printed circuit boards inside Faraday cages separated by 20 cm. Laser stimulation of just one of the basins reveals consistent wave-form autocorrelations between stimulated and nonstimulated basins. In addition, there are indications that biological quantum nonlocality has been observed in the coherence of induced magnetic dipoles involved in muscle contraction in single actin filaments at the mesoscopic level, (Matsuno, 2001; Hatori et al, 2002) and, that cell motility underlying muscle contractions is accompanied by a quantum mechanical coherence on a macroscopic scale (Matsuno, 1999; . All these experiments are described in greater detail later in this paper and, when taken together, seem to be pointing us in an unusual direction implying entanglement and nonlocality.
I have already attempted to address, within an empirical setting in previous papers, this issue of applying the concepts and methodology of physics and quantum mechanics in the field of biology and vice versa. When I analyzed the first experiment in this field (GrinbergZylberbaum et al, 1994) , and noticed that they had used plain photostimulation from a flashing strobe-light, I immediately suggested that checkerboard pattern-reversal photostimulation be used, which possesses several advantages over their technique (Thaheld, 1998; 1999a; 1999b; 2000b) , in addition to several other types of stimulus proposals. All of the researchers mentioned previously that are involved in the human EEG research, have adopted this same experimental protocol with apparent success. In a further instance (Thaheld, 2000a) I proposed an experiment to determine if Einstein-Podolsky-Rosen (EPR) nonlocal correlations might exist between 2 neuron transistors and, as previously mentioned, a series of experiments have been performed for over a year at the Univ. of Milan (Pizzi et al, 2003; 2004b) which appear to be pointing in this direction regarding unusual electrical autocorrelations. In addition, another experiment has been proposed (Thaheld, 2001a) dealing with a possible resolution of the Schrödinger's cat paradox. This was recently explored, again at the Univ. of Milan, utilizing 2 spatially separated human neuronal basins (For greater detail see Sec. 5). Another experiment has been proposed (Thaheld, 2003a) to test Ghirardi's theory (Ghirardi, 1999) concerning possible photon superposition reduction mechanisms in perceptual processes which may be governed by nonlinear evolution laws. A modification of the original proposal is in the process of being formalized at the Univ. of Milan in anticipation of conducting a test of his theory.
As mentioned previously, I also introduced the concept of biological nonlocality (Thaheld, 2003b ) and its possible relationship to the mind-brain interaction problem. And, both analyzed and proposed certain experiments in an attempt to resolve several outstanding issues concerning this problem. I would now like to expand upon this concept once again, utilizing what has become known as Bell's experimental philosophy (Whitaker, 1996) , since the bulk of the experiments proposed in this paper rely very heavily upon the concept of nonlocality in general, and its specific adaptation to biological nonlocality. I find that this technique has a certain charm in that it allows one to both design, conduct and analyze experiments with a certain degree of clarity in this field which is normally missing in the present theoretical atmosphere.
Before we embark on this adventure, I would like to leave you with this caveat. The research group at the Univ. of Freiburg, dealing with the human subjects, stresses that "while no biophysical mechanism is presently known that could be responsible for the observed correlations between EEGs of two separated subjects, nothing in our results substantiates the hypothesis (Grinberg-Zylberbaum, 1994) of a direct quantum physical origin of correlations between EEGs of separated subjects" (Wackermann et al, 2003) . And, the researchers at the Univ. of Milan state that, "Despite at this level of understanding, it is impossible to tell if the origin of this nonlocality is a genuine quantum effect, our experimental data seem to strongly suggest that biological systems present nonlocal properties not explainable by classical models" (Pizzi et al, 2003) . I therefore take full responsibility for the conclusions I have drawn concerning biological nonlocality and, for the proposed experiments which follow.
The Aspect EPR nonlocality experiment and its analogy to the Grinberg-

Zylberbaum experiment
The famous article by Einstein-Podolsky-Rosen (EPR), described a situation where two entangled quantum systems are measured at a distance (1935) . Bell (1964) later showed that the correlation between the data cannot be explained by local hidden variables and, a first limited test of Bell's theorem with entangled photon pairs was successfully performed (Freedman and Clauser, 1972) with fixed polarizers (Fig. 1 -This is a simplified schematic of the actual setup). Later, a more sophisticated experiment was conducted (Aspect et al, 1982) , also with entangled photon pairs and using rapidly switchable random polarizers, which revealed once again and, with greater certainty, the existence of nonlocal polarization correlations between these entangled photons, while ruling out the possibility of any local hidden variables. again shown by the hypothetical wavy line. The TP was not an exact duplicate of the VEP nor was any conscious subjective experience transferred between Alice and Bob, such as of the white flashing strobe light. Without photostimulation they noted that there was never any VEP or measurement on Alice's EEG and also, no TP or transfer of information on nonstimulated subject Bob's EEG, just like if one doesn't make any polarization measurement on the first photon v1 with polarizer I, no polarization information is ever sent to the second photon v2.
The source of this TP is the initial photostimulation of the first subject, which constitutes a measurement analogous to the photon polarization measurement, with a subsequent transfer of information from a stimulated subject Alice to a nonstimulated subject Bob. This same effect has also been seen by researchers at the Univ. of Washington (Standish, 2001; Richards et al, 2002; Standish et al, 2004) and, in more rigorous fashion, at the Univ. of Freiburg (Wackermann et al, 2003) . They have also not seen any transfer of conscious subjective experience of the checkerboard pattern used to stimulate the subjects. Up to now the question of what might be the source of this TP and what the TP represents, has also remained a mystery. So, it appears that we now have two mysteries, like Chalmers has stated (1996) , which appear to be one and the same and, now capable of being more readily subjected to experiment in the biological or biophysics realm (Thaheld, 2004a) .
Even though the means of information transfer and the information that is transferred between the entangled photons and the entangled human subjects appears to spring from the same source and, is a direct result of some type of measurement, there are several major differences between the two entities which are very important and requires a shift in one's thinking. First, one is nonliving and usually involves just a pair of entangled photons or particles (excluding superconductors at this point), while the other is living and involves a large number of entangled neurons, both separately and collectively consisting of a massive and varied number of different types of molecules. Second, we know both states in advance whereas with entangled photons both states are completely unknown. Third, the data which is derived is not random as it is with the photons.
After a polarization measurement is made on the entangled photons, the wave-function collapses, entanglement is lost and, a new pair of photons has to be prepared for another measurement. In contrast, it appears that after one makes a measurement on entangled human subjects, that the macroscopic entangled living system, consisting of an immense number of diverse entangled entities, is able to constantly maintain or regenerate this entangled state for a long period of time and, in a very rapid fashion, as has been revealed in the Freiburg experiments (Wackermann et al, 2003) . It would have been impossible for them to repeatedly photostimulate their subjects at a given Hz rate over a period of minutes, and also observe correlations of brain electrical activities with the nonstimulated subjects during this period of time, if entanglement was not being constantly maintained between both subjects. With the entangled living systems one is able to make repeated measurements with the same systems, which you cannot do with nonliving entangled photon, electron and other particle systems.
In addition, it appears that research now being conducted at the Univ. of Milan with human neural networks adhering to printed circuit boards ( Fig. 3) (Thaheld, 2000a; 2004a; Pizzi et al, 2003; 2004b) , may have also revealed this same phenomenon, only in a more striking fashion, due to the absence of the usual high EEG noise level associated with human subjects. Also, in the case of the entangled human subjects, one is comparing and analyzing simultaneous events on their EEGs in a very narrow range of from 2-8 µV, which makes the statistical analysis that much more difficult, requiring time-consuming averaging techniques.
With the entangled human neural networks, the wave-function amplitudes are in a range varying from 5-30 mV, so that one gets very superior and consistent electrical autocorrelations between the two entangled basins reducing the need for averaging techniques, due to the lack of the usual EEG noise. Again, and most importantly, it appears that entanglement is being maintained or regenerated at a very high Hz rate of stimulation and for long periods of time.
As I have pointed out recently (Thaheld, 2003b; 2004a) , it may well be that what has been referred to as an immaterial or non-material mental event (as reflected in the wavy line of Fig. 2 ), which can interact with a material brain, resulting in a depolarizing event, is equivalent to the nonlocal quantum event (the wavy line in Fig. 1 ) which interacts with a photon causing a similar polarization event. My analysis of this whole situation has then led me to ask, what exactly do we mean when we use the term 'immaterial' with regards to the mind-brain interaction problem? I am bothered by the fact that when a polarization state is somehow or other transferred from one photon to another, physicists do not refer to this process as 'immaterial' (excluding Einstein's 'spooky action at a distance' comment!; Mermin,1998) but, as quantum mechanical in nature involving nonlocality. Why then in the field of biology, do we apply the term 'immaterial' to a mental state which seems to affect in similar fashion a material or brain state? Would it not be much simpler to just drop this 'immaterial' term and refer to this process in the future as quantum mechanical nonlocality or biological nonlocality? Are we not losing sight some of the time of the main issues confronting us due to the very nature of semantics?
Another major difference is that with the living systems we may now be able to examine exactly where and how the transition is made from a mental or quantum state to a brain or classical state and vice versa. This is like asking the question, 'What and where is the biological equivalent in a neuron of the polarizer used in physics and can this be considered as a 2-way transducer? Several possible locations have been postulated in the neurons which could be the targets for immaterial mental events. In this regard Eccles (1994) has postulated that a non-material mental event could influence the subtle probabilistic operations of synaptic boutons, focusing attention on the effective structure of each bouton, which are the paracrystalline presynaptic vesicular grids, as the targets for non-material mental events.
One will now have many degrees of experimental freedom available in biological systems such as neurons to explore these possibilities, which are denied one when you are limited to just nonliving photons, electrons, etc., where collapse is complete and irreversible each time and, usually only involving a pair of entangled particles at that (Thaheld, 2003b) .
One of the reviewers of this paper pointed out that quantum mechanics has its own nonlocality as demonstrated in an EPR-type experiment however, when mental events are claimed to be nonlocal, what would that mean? And, if mental events are of quantum mechanical origin, how could it be demonstrated experimentally? I would like to respond to these questions in the following manner.
First, when the term 'mental event' (or conscious subjective experience) is used in this paper, it refers not only to events taking place within and between the brains of two human subjects but also, between two basins containing human neurons adhering to printed circuit boards. I feel that the initial experiment by Grinberg-Zylberbaum (1994) and the corroborating experiments at the Univ. of Washington (Standish et al, 2004 ) and the Univ. of Freiburg (Wackermann et al, 2003) with spatially separated human subjects, both of whom are in Faraday cages, should essentially screen out any neural, electromagnetic, acoustic or electrolytic influences, leaving only mental events as one of the main processes possibly involved. In addition, ongoing experiments at the Univ. of Milan (Pizzi et al 2003; 2004a; 2004b) with 2 separated human neuronal basins, also in Faraday cages, are analogous to the Freedman-Clauser nonlocality experiment (1978) where the polarizers were held in a fixed position. Since one knows that Freedman-Clauser provides direct evidence for a quantum nonlocal effect between two spatially separated and entangled photons, then one should be justified in saying that this same quantum nonlocal effect may be utilized also between, not only entangled human subjects but, entangled human neuronal basins. And, that this can be referred to as a mental event (since neurons are involved in both instances) which is equivalent to the information transferred in correlated photon polarization events.
As per Libet (1994) we know that neural events can influence, control and presumably 'produce' mental events, including conscious ones. The reverse of this, that mental processes can influence or control neuronal ones, is known as the 'reverse direction' problem. In his experimentally testable solution he has proposed a conscious mental field (CMF), whose chief attribute would be that of a unified conscious subjective experience, with the second attribute being a causal ability to affect or alter neuronal function. He states that this CMF would not be in any category of known physical fields, is not describable in terms of any known physical theory and, is only detectable in terms of the subjective experience reported on by an individual subject. One is immediately restricted by having to define some new 'field', which supposedly does not now exist and, in having to rely upon anecdotal material.
He makes no mention of a quantum mechanical nonlocality possibility.
In all the experiments performed to date (Sec. 2), there was no transference of conscious subjective experience reported. However, all these experiments revealed that photostimulation of the brains of human subjects, which resulted in specific neural events or visual evoked potentials (VEPs), simultaneously caused neural events to occur in nonstimulated subjects. The same effect happens also between human neurons adhering to printed circuit boards. Now, since one cannot say that neural events were transferred between these entities (as they were all inside Faraday cages), since this would violate both special relativity and the conservation of energy laws, you are left with only mental events or the 'reverse direction'. In addition, if any of the several techniques I have proposed to attempt to rectify this matter of transferring and detecting conscious subjective experience between human subjects is successful (Thaheld, 2003b) , one may be able to resolve both issues simultaneously via the quantum mechanical nonlocality route.
We have no trouble in saying in physics that the same quantum nonlocal effect is involved in both entangled photons' correlated polarization measurements as is present between correlated electrons' spin measurements, even though the photon's nonlocal polarization correlation is brought about by polarizers and the electron's nonlocal spin correlations are brought about by inhomogenous magnetic fields in a Stern-Gerlach device. Furthermore, that this quantum nonlocal effect acts upon both particles equally, even though the photon possesses no mass while the electron does possess mass. We do not attempt to conjure up another field or force for this mutual effect involving both photons and electrons, so why then would one feel compelled to think that this same quantum nonlocal effect could not also be utilized in biology, as it is so successfully used and delineated repeatedly in physics? I also touch upon this matter further in Sec. 4.
Before leaving this subject I would like to briefly comment on why I used the names of Alice and Bob in this section. Alice and Bob are the archetypal individuals who have been used in a number of papers discussing teleportation of an unknown quantum state (Bennett et al, 1993) , quantum communication (Bennett and Wiesner, 1992) and quantum cryptography (Ekert, 1991) . This requires the production of polarization-entangled states of photons (Kwiat et al, 1995) which are then manipulated in various ways by Alice and Bob depending upon the final end result to be achieved. In addition to sharing a series of EPR-correlated pairs of photons and a channel capable of carrying classical messages, they are required to make joint measurements of their photons and send the classical results of these measurements to each other.
It then occurred to me that, based upon the recent experiments with what appear to be entangled human subjects (Wackermann et al, 2003; Standish et al, 2004) , that since Alice and Bob can also be considered to be entangled, they might no longer need to generate nor manipulate entangled EPR photon beams and, that the transmission of information between them can now be moved to an entirely new level. They are now in a position to not only manipulate themselves via photostimulation and their EEGs but, each other in 2-way fashion.
Furthermore, even if they are not entangled themselves they can use entangled human neuronal basins as their proxies, labeling them as Alice and Bob. So it is that I elected to elevate Alice and Bob into the positions formerly occupied by the entangled photons which were once subject to their manipulation! What I find most fascinating is that Alice and Bob have in effect now become both the measuring devices and the measured systems, or the observer and the observed, as have the entangled neuronal basins! The noted neurosurgeon Wilder Penfield addressed the problem associated with this same concept decades ago when he pondered the prospect of performing brain surgery on himself by asking, "Where is the subject and where is the object if you are operating on your own brain?" (Penfield, 1976; Goswami, 1993 ).
And finally, this raises a very interesting question as to whether, if Alice and Bob are identical twins and entangled, Einstein's 'twin paradox' (Uzan et al, 2000) , where Bob makes a trip in a noninertial frame with a time-varying velocity and returns to earth younger than Alice, who has remained on earth in an inertial frame, would still be correct? Especially since this entanglement involves nonlocality between subjects in two different frames.
Are there two different types of decoherence or wave-function collapse, one for living and one for nonliving systems?
One then has to logically ask the question, based upon the previous analysis as to whether, in the case of the living system, collapse is complete each time, as is the case with the entangled photons or, it is only partial and entanglement is maintained or constantly regenerated, whichever case applies? That living systems are able to rapidly oscillate from linear to nonlinear and back to linear in rapid, regenerative fashion? If one looks at a typical neuronal action potential (Fig. 4) , the membrane is depolarized from a resting level of -40 mV to a level of +40 mV, so that there is a 'reversal' of the membrane potential. And, in less than 1 ms the membrane returns to its previous resting level of -40 mV, waiting for the next depolarization event or, if you will, the next measurement.
This makes me think that this is why entanglement is either never lost or is constantly maintained or regenerated in a living system and, that we may be looking at two different types of collapse. One complete and irreversible in the case of photons, where just a few entities are entangled and, one complete or partial but, repetitive and reversible in the case of a neuronal system, consisting of an immense number of entangled living entities. In addition, this also indicates that the neuronal system is able to resist decoherence and that there are two different types of decoherence processes, one for living and one for nonliving entities.
This line of reasoning appears to be further borne out by the recent research of Matsuno (2001; Hatori and Matsuno, 2002) , indicating that an extremely minute aspect of biological quantum nonlocality has been observed in the coherence of induced magnetic dipoles in muscle contraction involving single actin filaments and proposes (Matsuno, 1999) a condensation of the atomic degrees of freedom constituting the filament into a macroscopic quantum state carrying a nonvanishing linear momentum. This means that a very unusual new level of experimental flexibility can now be introduced into interdisciplinary research in the area of biophysics, which is denied one if you limit yourself to only physics or biology as separate fields.
Anesthetics, neurons and the matter of coherence or entanglement
It will now be possible to subject both the macroscopically entangled human subjects (Fig. 2) and the human neuronal basins (Fig. 3) to actual experiments utilizing anesthetics to see what effect they might have on entanglement, nonlocality and quantum coherence (Thaheld, 2004a ).
1. A general anesthetic is administered to Alice inside a Faraday cage (Fig. 2) and, after the loss of consciousness, she is subjected to a flash stimulus and a VEP is recorded on her EEG. It is very important to note here that clinical electrophysiological brain monitoring shows reduction and desynchronization of the brain neural level dynamics during general anesthesia (Hameroff, 1998) . Now, under conditions like this, will a TP or electrical correlation still be observed in the EEG of the 2 nd nonstimulated subject Bob just like before? If it isn't, this will show that even though there was a VEP, the anesthetic did something to the quantum coherence or nonlocal transference of information between the two subjects. I.e., entanglement was broken somehow by the anesthetic, which might tie in indirectly with Hameroff's theory (1994) that microtubule based quantum coherence should be sensitive to general anesthesia. If however, a TP is elicited in the EEG of the nonstimulated subject Bob, we then administer a general anesthetic to Bob and repeat the flash stimulation of Alice, after allowing her general anesthetic to dissipate, and see if a TP is still received by Bob.
The results of this experiment will tell us something very fundamental about the role anesthetics play with regards to the maintenance of quantum coherence or entanglement between these human subjects and, if entanglement is reestablished following dissipation of the anesthetic.
2. To further refine this process, an anesthetic can be administered to a Univ. of Milan neuronal basin A (Fig. 3) and, it is then subjected to the usual laser stimulation (Thaheld, 2004a) . First, we want to see if a series of wave-forms is still generated as it was before use of this anesthetic (allowing for reduction and/or desynchronization of the wave-forms or action potentials) and, if it is, we then want to determine if autocorrelation of the electrical activity is still observed between stimulated basin A and nonstimulated basin B in nonlocal fashion as was previously observed. If not, this will tell us that entanglement was broken or disrupted by the anesthetic. We then want to see if, after allowing the anesthetic to dissipate in neuronal basin A, when we once again laser stimulate A, does the resulting wave-form become autocorrelated with that of nonstimulated neuronal basin B once again i.e., is entanglement reestablished even though the 2 neuronal basins are not in direct contact! Either entanglement was never lost or, it was lost and then reestablished on a very rapid basis, even though the two neuronal basins were 20 cm apart. One can also reverse this situation and anesthetize basin B and see if entanglement and autocorrelation is lost. The results of this experiment would have a more direct bearing on Hameroff's microtubule theory concerning quantum coherence (1994) and, his quantum hypothesis of anesthetic action (Hameroff, 1998) , implying a very robust coherence with quantum nonlocal interconnections. Furthermore, by being robust it allows the microtubules to resist normal environmental decoherence for long periods of time and one can then prove the existence of this robustness via constant laser stimulation! If it were not robust this effect would disappear extremely rapidly when subjected to a constant stimulus of this nature.
3. Of course, I would be remiss if I didn't mention one of nature's own ultimate and random anesthetic, what we refer to as temperature. As we know from experience, a very few degrees higher or lower for the human subject and consciousness is either lost or severely impaired. This may enable us to vary the temperature in either direction for either humans or the neuronal basins and determine if entanglement or quantum coherence is lost.
In a recent paper (Thaheld, 2003b) , I made an argument for what I have already referred to as biological nonlocality, based on the fact that both the human subjects ( Fig.   2 ) and the human neuronal networks on printed circuit boards (Fig. 3 ) are all inside Faraday cages, thereby enabling us to selectively rule out all neural, acoustic, electrolytic and most electromagnetic means of communication or correlation but, not gravity, nor by inference, quantum gravity (Thaheld, 2004a) . This gravitational aspect seems to be very important since both photons without mass and electrons and other particles with mass are equally affected by gravity, just as they are equally affected by entanglement and nonlocality. The major weakness in this analysis is that due to the close proximity of the human subjects as measured in m, and that of the neuronal basins as measured in cm, local hidden variable effects cannot be ruled out due to the speed of light.
A proposed resolution of the Schrödinger's cat and Wigner's friend paradoxes
The possible states of a system can be characterized by state vectors, also known as wave-functions which change in two ways, continuously as a result of a passage of time and discontinuously if a measurement is carried out on a system (von Neumann, 1955; Wigner, 1963; Shimony, 1963) . This second type of discontinuous change, called the reduction of the state vector or collapse of the wave-function, is unacceptable to many physicists. Based upon his analysis of the EPR paper (1935), Schrödinger found a way to make the measurement problem too obvious to be missed by introducing what has become well known as Schrödinger's cat (1935) . Let us quote him directly upon this subject.
"One can set up quite ridiculous cases. A cat is penned up in a steel chamber, along with the following diabolical device (which must be secured against direct interference by the cat): in a Geiger counter there is a tiny bit of radioactive substance, so small, that perhaps in the course of an hour one of the atoms decays but also, with equal probability, perhaps none;
if it happens, the counter tube discharges and through a relay releases a hammer which shatters a small flask of hydrocyanic acid. If one has left this entire system to itself for an hour, one would say that the cat still lives if meanwhile no atom has decayed. The first atomic decay would have poisoned it. The wave-function of the entire system would express this by having in it the living and the dead cat (pardon the expression) mixed or smeared out in equal parts". I.e., if the half-life of the nucleus is one hour, then after this time the correct quantum mechanical description of its state is that it is neither definitely decayed nor definitely non-decayed, but rather in a linear superposition of two states.
Wigner later expanded upon this concept by introducing what is known as Wigner's friend (Wigner, 1961) .
At first blush you may be wondering why I would even want to discuss Schrödinger's cat, as Schrödinger himself introduced his cat proposal with the words, "One can even set up quite ridiculous cases", while other physicists refer to it as bizarre or a joke, since some feel that entanglement is highly vulnerable to environmental decoherence processes (Tegmark, 2000) , while others appear to have successfully rebuted his arguments (Hagan et al, 2002) .
All this changes when we move from the realm of physics and quantum mechanics to biophysics. In the case of certain living entities it now appears that entanglement can be maintained between them as long as they remain alive, which moves the cat matter beyond the ridiculous or bizarre to a firmer footing.
Several years ago I proposed a revised experiment (Thaheld, 2001a) in an attempt to resolve the Schrödinger's cat and Wigner's friend paradoxes (Fig. 5) I am sure that at this juncture some of you are already saying "Hey, wait a minute. Fred has made a mistake and is mixing apples and oranges, superposed and entangled states at the same time, whereas Schrődinger stressed just the superposed aspect". This was pointed out to me several times after I devised this approach and, I must plead guilty to the charge. I
have violated Schrődinger's fundamental dictum regarding "leaving this entire system to itself for an hour", by mixing in items with the cat or Wigner's friend, which are entangled with the outside, such as with other cats or humans. However, in light of the recent experiments revealing the possibility of entanglement between human subjects and human neuronal basins and, proposed animal entanglement experiments (Thaheld, 2004b) , the possibility arises that there may be occasions when one cannot "leave this entire system to itself" (in a state of superposition), because it is naturally entangled and, that Schrődinger's original proposal may therefore not be completely correct.
A proposal has also been made to perform similar Schrödinger cat-type experiments by using two Univ. of Milan entangled human neuronal basins (Thaheld, 2000a (Thaheld, , 2004a Pizzi et al, 2003) , and just such a series of experiments was recently performed at the University of Milan. A radioactive source triggered a laser in random fashion in neuronal basin A (Fig. 3) , leading to stimulation of some of these neurons. First, by merely observing the lack of any electrical autocorrelation signals from the nonstimulated neuronal basin B only, they are able to tell instant by instant exactly what is going on inside the Faraday cage containing neuronal basin A, without ever opening up this cage, based upon a non nonlocal response.
And, they know the exact moment when the random event takes place since the resulting laser stimulation caused basin A to fire, resulting in a simultaneous autocorrelated nonlocal response from basin B.
We have only very recently and, for the first time, been able to realize the thought experiment of Schrödinger concerning what is referred to as a quantum superposition of truly macroscopically distinct states, utilizing superconductors and superconducting quantum interference devices or SQUIDs (Friedman et al, 2000; van der Wal et al, 2000) .
This was based upon proposals that under certain conditions, a macroscopic object with many microscopic degrees of freedom could behave quantum mechanically provided that it was sufficiently decoupled from its environment (Caldeira and Leggett, 1981; Leggett et al, 1987; Weiss et al, 1987) . In order to accomplish this decoupling, it is necessary to drastically reduce the temperature down to around 8 K. It appears that we will now be able to move this whole process, in what must look like a miracle, to the observable macroscopic biological level, in seeming contradiction of quantum mechanics and relativity, since entanglement will not only be taking place at around 300 K but, it appears that the living system will be able to remain decoupled from the environment for a long period of time, as long as the neurons remain alive. Thus it is that a living macroscopic system with many microscopic degrees of freedom (many orders of magnitude more than are observed in the case of superconductors) may be able to behave in a quantum mechanical coherent fashion since it is sufficiently and continuously decoupled from the environment. Or, that biological coherence or entanglement may feed on decoherence! This aspect is quite different compared to physical coherence or entanglement competing with decoherence (Matsuno, 2004) .
Superluminal communication?: The matter of uncontrollable vs controllable nonlocality
Relativity theory postulates the nonexistence of faster-than-light 'signals' but, does not necessarily impose an analogous requirement upon all other conceivable kinds of influences (Stapp, 1988) . He proposes the existence of superluminal 'influences' between the entangled photons which are not considered to be 'signals', with the result that no conflict with the theory of relativity is entailed.
Based upon what is known as the Eberhard theorem (1978) it is felt that no information can be transferred via quantum nonlocality. Shimony (1984) has also come to the conclusion that the nonlocality of quantum mechanics is uncontrollable and, cannot be used for the purpose of sending a signal faster than light. In this sense he feels that there may be a 'peaceful coexistence' between quantum mechanics and relativity theory.
Why is it that the entangled photons in the Freedman-Clauser (1972) experiment cannot be used to transmit information faster than light? After all, it has been shown that nonlocal correlations exist between these photons and one would logically think that you should be able to perform this feat. The polarization correlations observed in this experiment cannot be used to transmit information faster than light because they can only be detected when the statistics from the measurements on each side are compared in a classical fashion which is dependent upon the low efficiency of the detectors. The act of polarization measurement on photon v1 forces it to move from the quantum indeterminate level to a specific, determinate level and it is this information that is transmitted nonlocally to entangled photon v2. When
Alice, let us say, measures the polarization of photon v1 along a direction she chooses (horizontal or vertical) she cannot choose the result, nor can she predict what it will be.
Once she makes her measurement, Bob's photon v2 simultaneously receives nonlocal information regarding a similar state of polarization where he cannot choose the result either. Since Alice has no control over the results she gets, she can't send any meaningful information of her own to Bob. Similarly, Bob can choose one of several polarization measurements to make but, he will not know the result ahead of time and cannot receive any information. Alice and Bob can only see the coincidence of their results after comparing them using a conventional method of communication which does not send information faster than light.
I feel that while this reasoning is correct for nonliving systems such as photons where, once a measurement has been made, the wave-function collapses and they become disentangled, the situation is much different for entangled living systems such as the human subjects and the human neurons on printed circuit boards. Here, instead of being limited to just a pair of entangled photons at the microscopic level, which only very briefly spring into existence and then are gone, we are looking at a massive number of living entangled particles at the macroscopic level, either resisting the usual decoherence faced by the photons or maintaining or regenerating entanglement, thereby enabling us to achieve controllable superluminal communication (Thaheld, 2000a; 2001b; 2003b) .
Why is it that one might be able to achieve superluminal communication by utilizing living entangled entities? You will recall that in the original Grinberg-Zylberbaum experiments (1994) photostimulation was utilized to elicit a VEP in the brain waves of the stimulated subject. In this paper it was mentioned that if a flickering light signal were used the normal VEP often carries a frequency signature. Goswami has proposed (Grinberg-Zylberbaum, 1994 ) that to the extent that this frequency signature is also retained in the TP, it may be possible to send a message, at least in principle, using a Morse code. I.e., one could vary the frequency of photostimulation to resemble a code. He has further suggested that the brain obeys a nonlinear Schrödinger equation in order to include self-reference (Mitchell and Goswami, 1992) and, that for such systems, message transfer via EPR correlation is permissible (Polchinski, 1991) .
The problem is that although the elicited VEP in the stimulated subject's EEG carries a distinct amplitude and frequency, it is in a very low µV range and, the µV of the TP in the nonstimulated subject's EEG is not only several orders of magnitude lower but, his waveform as regards both frequency and amplitude, comes no where near to being a copy of the original VEP. That the frequency signature is not retained in the TP represents a serious defect analogous to the low detector efficiencies. Thus, one can perceive some type of very rudimentary message or code, only after averaging over many cycles of photostimulation, which is a lengthy process. Recently experimenters at the Univ. of Freiburg (Wackermann et al, 2003) achieved a more robust replication of the Grinberg-Zylberbaum research using patterned photostimulation. However, they also noted this same problem, although in more dramatic fashion, with an averaged VEP peak amplitude of around 8µV and the averaged correlated peak amplitude of less than 2 µV, with no wave-form similarity between the initiating VEP and the resulting correlated electrical activity. Their results indicate a high co-incidence of variations or correlations of the brain electrical activity in the nonstimulated subjects with brain electrical responses of the stimulated subjects. They did not see any VEP-like wave-forms in the averaged EEG of the nonstimulated subjects.
The major difference between the living and nonliving systems is that when we make a measurement, in contrast to Alice with her photons, we are able to choose the result for both Alice and Bob, who remain entangled after many repeated measurements and, we know in advance what results we will get! In addition we will be able to choose these results in a 2-way communication fashion by stimulating (measuring) either one of the parties at our option. Furthermore, Alice and Bob, since they are entangled, will now be able to choose their own types of measurements and results. They must simply agree in advance what the signals they will be seeing on each others' EEGs translate into, thereby achieving superluminal communication without any need to compare both of their results after the fact, since they will now be making their comparisons in nonlocal fashion.
At the present time it appears that it is going to be much simpler for Alice and Bob to use the entangled human neuronal basins for superluminal communication, since the wave-form signature generated by basin A is more fully correlated with that of nonstimulated basin B (Fig. 3 ), although at a lower amplitude. Both the laser stimulation rate of basin A and the nonstimulated electrical correlated rate for basin B approach very close to 100% each time due to the large number of photons in the laser beam used to activate some of the neurons, which can vary in number from 10-30 sometimes, up to 100-300 at other times (Pizzi, 2004b The unusual thing about these neuronal basins is that they also generate spontaneous action potentials without any laser stimulus. At the present time the researchers at the Univ.
of Milan are unable to record action potentials from single neurons (Pizzi et al, 2004b) . In the future this may reveal that the basins are able to stimulate each other in nonlocal fashion, making their own measurements or autodecoherence without any outside source such as the laser being required and, in 2-way communication! Since they are supposedly not conscious this would raise some interesting philosophical questions. It is of interest to note here that the researchers from the Univ. of Milan presented a paper (Pizzi et al, 2004b ) at a recent SPIE symposium on defense and security that has implications for superluminal communication in the areas of submarines, spacecraft, etc. While I realize that this proposal to achieve superluminal communication appears to conflict with special relativity and causality (Stapp, 1988; 1997) , this is a whole other issue way beyond the scope of this paper.
A new technique for resolving the Bell inequality loopholes utilizing human neuronal basins
As has already been pointed out in Sec. 2, Einstein-Podolsky-Rosen described a situation where two entangled quantum systems are measured at a distance. Bell hypothesized (1964) that the correlation between the data cannot be explained by local variables. This has become known as Bell's inequality. All the experiments performed to date to test Bell's theory (Freedman et al, 1972; Aspect et al, 1982; Kwiat et al, 1995) confirm the predictions of quantum mechanics with regards to entanglement and nonlocality. However, the above experiments don't succeed in completely ruling out a local realistic explanation because of two essential loopholes (Vaidman, 2001 ).
The first loophole has to do with detector efficiency, in that only a small fraction of all photon pairs which are generated are detected (Pearle, 1970) . One then has to assume that the pairs registered are a fair sample of all pairs emitted (Weihs et al, 1998) . This loophole has been closed experimentally by using two massive entangled trapped ions (Rowe et al, 2001 ) but, it does not simultaneously close the locality loophole.
The second loophole, that of locality, states that whenever measurements are performed on two spatially separated particles, any possibility of signals propagating with a speed equal or less than the velocity of light between the two parts of the apparatus must be excluded (He et al, 2003) . This loophole was closed in two recent experiments (Weihs et al, 1998; Tittel et al, 1998) . It is now obvious that to close both loopholes simultaneously in the same experiment still remains a challenge (He et al, 2003) . I believe that there may be a way simultaneously around both of these problems if we utilize two entangled human neuronal basins in the following manner.
First, it is necessary to visualize that the entangled photon pairs (Fig. 1) which fly apart at the speed of light, are to be replaced with two static macroscopically entangled human neuronal basins (Fig. 3 ) separated by 400 m, so that light takes approximately 1.3 µs to travel between them. This means that there will be no need for polarizers and no need to switch them while the photons are in flight, making the experimental protocol that much simpler. At the present time the neuronal basins at the Univ. of Milan are only separated by 20 cm, so it is unknown if entanglement will persist out to 400 m or further although, if this is truly a nonlocal phenomenon, distance should have no effect. At this distance of 20 cm it appears that the wave-forms between the stimulated and nonstimulated basins are simultaneous and autocorrelated, since a reaction lag in ms should be visible, which they say it is not. The researchers feel that if a lag exists, it is rather in the range of µs. If the experiment reveals that the lag is less than 1.3 µs between the two neuronal basins, this would be evidence for nonlocality and represent a closure of the locality loophole. If it is greater than this we would have to separate the basins by a greater distance.
Second, this means that not only have the two neuronal basins been substituted for and become in effect analogous to the entangled photons but, they have also become their own entangled detectors! These neuronal basins have a detection efficiency approaching almost 100% by virtue of some of the neurons in the 2 cm stimulated basin being bombarded by the 630 nm laser pulse with a 4 mm dia over a period of either 1 ms or 300 ms per cycle, causing a large number of action potentials to sum each time and resulting in a series of highly specific wave-forms. For every electrical wave-form generated by the laser, you get a simultaneous elicited autocorrelated wave-form in the nonstimulated basin, with both of them possessing different amplitudes varying from 5-30 mV and, without the usual EEG clutter or noise. This can then become a 2-way Bell test by alternately stimulating either basin which one cannot do with photons! Adoption of this technique might provide us with an alternate approach to simultaneously resolving these 2 loopholes.
Conclusion
1. That what we refer to as mental events may be the same as quantum nonlocal events and spring from the same source. Two former mysteries can now be combined into one mystery, which can more readily be subjected to experiment in the biophysics realm.
2. It appears that macroscopic entanglement can be constantly regenerated or maintained by neuronal systems, while defying the usual decoherence faced by nonliving particle systems, permitting repeated measurements on these same systems. This allows one to introduce the concept of Alice and Bob being entangled themselves vs their previously just being limited to using entangled photon states. This also allows Alice and Bob, even if they are not entangled themselves, to use entangled human neuronal basins as their nonlocal proxies.
3. That we may now be able to test Hameroff's theory (1994) that microtubule based quantum coherence should be sensitive to general anesthesia using either entangled human subjects or human neuronal basins and, that by altering the neuronal microtubules in genetic or other fashion in the human neuronal basins, to possibly determine exactly where and how the transition from mental-quantum to brain-classical and vice-versa takes place.
4. That there appears to be two different types of wave-function collapse or decoherence processes, one for living and one for nonliving systems. 6. An empirical technique to determine if nonlocality is controllable or uncontrollable and whether superluminal communication is therefore possible in a 2-way fashion.
7. The possibility of simultaneously closing the detector efficiency and locality loopholes in a test of Bell's inequality by utilizing human neuronal basins as detectors.
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